Description 

ORGANIC EL DISPLAY DEVICE, AND METHOD FOR DRIVING THE ORGANIC 
EL DISPLAY DEVICE 

This application is a national phase of PCT/ JP2005/0014 83 filed 
on February 2, 2005, which claims priority from Japanese 
Application No. JP 2004-053625 filed on February 27, 2004, the 
disclosures of which Applications are incorporated by 
reference herein. The benefit of the filing and priority dates 
of the International and Japanese Applications is respectfully 
requested . 

Technical Field 

[0001] The present invention relates to an organic EL 

display device having a dot-matrix type organic EL panel, which 
includes a plurality of anode lines and a plurality of cathode 
lines, and to a method for driving the organic EL display 
device . 

Background Art 

[0002] In the prior art, there have been proposed a 

variety of dot-matrix type organic EL panels and their driving 
methods, as disclosed in Patent Document 1. In this organic 
EL panel: a plurality of anode lines (as will be called the 
"drive lines") formed of a conductive transparent film such 
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as ITO are formed on a light-transmitting substrate in a stripe 
shape; an organic layer is formed on the back of the drive lines; 
a plurality of cathode lines (as will be called the "scanning 
lines") of an evaporated metal film of aluminum or the like 
are formed on the back of the organic layer to intersect the 
drive lines at the right angle; and the drive lines and the 
scanning lines clamp the aforementioned organic layer. The 
organic EL panel thus formed is noted as such a display in place 
of the liquid crystal display as has a lower power consumption, 
a higher display quality and a smaller thickness. 

Patent Document 1: Japanese Patent No. 3,314,046. 
[0003] The organic EL display device includes an organic 

EL panel 1, a cathode drive circuit 2, an anode drive circuit 
3, a control unit 4, and a reset circuit 5 (as referred to Fig. 
6) . In the organic EL panel 1, pixels Ell to Emn are arranged 
in a matrix state. These pixels Ell to Emn are disposed at 
intersections between a plurality of scanning lines SI to Sm 
in the longitudinal direction and a plurality of drive lines 
Dl to Dn in the transverse direction orthogonal to the scanning 
lines SI to Sm. The pixels Ell to Emn are expressed by an 
equivalent circuit (as referred to Fig. 7) composed of a diode 
and a condenser arranged in parallel. In order to prevent the 
illustration from being complicated, the pixels Ell to Emn to 
luminesce are shown with only diodes, and the pixels Ell to 
Emn not to luminesce are shown with only condensers in Fig. 
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8 and Fig. 9. 

[0004] The cathode drive circuit 2 is provided with a 

plurality of scanning switches 21 to 2m corresponding to the 
individual scanning lines SI to Sm. On the basis of the control 
signals of the control unit 4, the scanning switches 21 to 2m 
connect the individual scanning lines SI to Sm selectively to 
the unselected potential Vb or the earth potential (0V) . 
[0005] The anode drive circuit 3 includes constant 

current sources 30 for feeding drive currents individually to 
the individual drive lines Dl to Dn, and drive switches 31 to 
3n capable of connecting the individual drive currents from 
the constant current sources 30 to the individual drive lines 
Dl to Dn. The switching of each of the drive switches 31 to 
3n is determined on the basis of the control signal from the 
control unit 4 . 

[0006] The control unit 4 outputs the control signals 

individually to the cathode drive circuit 2 and the anode drive 
circuit 3, and selectively turn ON/OFF the scanning switches 
21 to 2m and the drive switches 31 to 3n corresponding to the 
scanning lines SI to Sm and the drive lines Dl to Dn necessary 
for causing the pixels Ell to Emn to luminesce. 
[0007] The reset circuit 5 is composed of a plurality of 

reset switches 50 individually connected with the drive lines 
Dl to Dn . These reset switches 50 connect the drive lines Dl 
to Dn to the earth potential, while next scanning lines SI to 
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Sm are being selected after arbitrary scanning lines SI to Sm 
were selected by the scanning switches 21 to 2m, thereby to 
release the charges from the pixels Ell to Emn . The period, 
for which the electric charge stored in the pixels Ell to Emn 
is released by the reset circuit 5, is called the "reset period" 
For this reset period, not only the drive lines Dl to Dn but 
also the scanning lines SI to Sm are connected to the earth 
potential . 

[0008] The control circuit 4 turns ON the scanning 

switches 21 to 2m sequentially to select the scanning lines 

SI to Sm sequentially, and turns ON/OFF the individual drive 

switches 31 to 3n to display characters and drawings on the 

organic EL panel 1. 

Disclosure of the Invention 

Problems that the Invention is to Solve 

[0009] However, there exists a problem that the pixels 

Ell to Emn have different luminous brightnesses in dependence 
upon the number of luminous pixels on the scanning lines SI 
to Sm selected. When all the pixels E21 to E2n of the scanning 
line S2 are caused to luminesce, as shown in Fig. 8(a), the 
pixels E21 to E2n luminesce in high brightness. When only the 
pixel E21 is caused to luminesce, as shown in Fig. 9(a), on 
the other hand, the problem is that the brightness becomes lower 
than that of the case, in which all the pixels E21 to E2n are 
caused to luminesce. 
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[0010] The reason for this problem is described in the 

following. When all the pixels E21 to E2n of the scanning line 
S2 are caused to luminesce, all the individual drive lines Dl 
to Dn are connected with the constant current sources 30. 
Therefore, the electric current IS2 flown into the scanning 
line S2 from the pixels Ell to Eln and E31 to Emn of the scanning 
lines SI and S3 to Sm unselected is so high that the luminous 
waveform takes a pulse shape, as shown in Fig. 8 (b) . When only 
the pixel E21 is caused to luminesce, however, the drive lines 
D2 to Dn are not connected to the constant current sources 30. 
Therefore, the pixels E12 to Eln, E32 to E2n, - - -, and Em2 
to Emn on the scanning lines SI, S2 to Sm in the unselected 
states have large capacities as condensers so that the electric 
current IS2 to flow into the scanning line S2 is relatively 
small. As shown in Fig. 9 (b) , the rise of the luminous waveform 
becomes so blunt as to reduce the luminous brightness. 
[0011] The present invention has been conceived in view 

of those problems, and contemplates to provide an organic EL 
display device, in which the luminous brightness of pixels is 
not made different by the number of pixels to luminesce on the 
scanning line selected, and a method for driving the display 
device . 

Means for Solving the Problems 

[0012] As set forth in claim 1, — according According to 

the invention, there is provided an organic EL display device 
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comprising: a dot-matrix type organic EL panel having a 
plurality of scanning lines and a plurality of drive lines; 
scanning switch means for connecting the scanning lines freely 
to a first potential or a second potential; drive switch means 
for connecting the drive lines freely to a drive current source 
or an off potential; and control means for causing the scanning 
switch means to connect the scanning lines to the first 
potential thereby to select the scanning lines seguentially 
and to control the connected state of the drive switch means. 
The control means changes, according to the number of the drive 
lines to be connected to the drive current source, the 
resistance of the scanning switch means corresponding to the 
scanning lines connected to the second potential to become an 
unselected state, into at least two stages. 

[0013] As — s e t forth in claim 2, — according According to 
the invention, the scanning switch means includes a first 
transistor for connecting the scanning lines to the first 
potential, and a second transistor for connecting the scanning 
lines to the second potential. 

[0014] As set forth in claim 3, according According to 

the invention, the control means changes, according to the 
number of the drive lines to be connected to the drive current 
source, the bias voltage of the second transistor corresponding 
to the scanning lines connected to the second potential to 
become the unselected state, thereby to change the resistance. 
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[0015] As — sot forth in claim 4 , — according According to 
the invention, further comprised is temperature detecting 
means for detecting the temperature of the organic EL panel 
thereby to output temperature data. 

[0016] As set forth in claim 5, — according According to 

the invention, the control means changes, according to the 
number of the drive lines to be connected to the drive current 
source and the temperature data, the resistance of the scanning 
switch means connected to the second potential. 
[0017] As set forth in claim 6, according According to 

the invention, there is provided an organic EL display device 
comprising: a dot-matrix type organic EL panel having a 
plurality of scanning lines and a plurality of drive lines; 
scanning switch means for connecting the scanning lines freely 
to a first potential or a second potential; drive switch means 
for connecting the drive lines freely to a drive current source 
or an off potential; and control means for causing the scanning 
switch means to connect the scanning lines to the first 
potential thereby to select the scanning lines sequentially 
and to control the connected state of the drive switch means. 
The scanning switch means includes a first transistor for 
connecting the scanning lines to the first potential, and a 
second transistor for connecting the scanning lines to the 
second potential, and the control means changes, according to 
the number of the drive lines to be connected to the drive 
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current source, the bias voltage of the second transistor 
corresponding to the scanning lines connected to the second 
potential to become an unselected state. 

[0018] As sot forth in claim 7, — according According to 

the invention, there is provided a drive method for an organic 
EL display device, comprising: connecting a plurality of 
scanning lines individually to one of a first potential and 
a second potential; and connecting a plurality of drive lines 
individually to a drive current source or an off potential. 
According to the number of the drive lines to be connected to 
the drive current source, the resistance of the scanning switch 
means connected to the second potent ial is changed into at least 
two stages. 

[0019] As set forth in claim 8, — according According to 

the invention, the scanning switch means includes a first 
transistor for connecting the scanning lines to the first 
potential, and a second transistor for connecting the scanning 
lines to the second potential, and the control means changes, 
according to the number of the drive lines to be connected to 
the drive current source, the bias voltage of the second 
transistor corresponding to the scanning lines connected to 
the second potential to become the unselected state, thereby 
to change the resistance. 

[0020] As set forth in claim 9, — according According to 

the invention, according to the number of the drive lines to 
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be connected to the drive current source and the temperature 
of the organic EL panel, the resistance of the scanning switch 
means connected to the second potential. 

[0021] As set forth in claim 10, according According to 

the invention, there is provided a drive method for an organic 
EL display device, comprising: connecting a plurality of 
scanning lines individually to one of a first potential and 
a second potential; and connecting a plurality of drive lines 
individually to a drive current source or an off potential. 
The scanning switch means includes a first transistor for 
connecting the scanning lines to the first potential, and a 
second transistor for connecting the scanning lines to the 
second potential, and the control means changes, according to 
the number of the drive lines to be connected to the drive 
current source, the bias voltage of the second transistor 
corresponding to the scanning lines connected to the second 
potential to become the unselected state. 
Effects of the Invention 

[0022] In accordance with the number of pixels to 

luminesce on a scanning line selected, the resistance of 
scanning switch means corresponding to the scanning line 
unselected is properly changed so that the dispersion of the 
luminous brightness of the pixels can be reduced. 
Brief Description of the Drawings 

[0023] Fig. 1 is a configuration diagram of an organic 
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EL display device showing a first mode of embodiment of the 
invention . 

Fig. 2 is a circuit diagram of a scanning switch showing 
the same mode of embodiment. 

Fig. 3 is an explanatory diagram of a memory unit of the 
same mode of embodiment. 

Fig. 4 is a configuration diagram of an organic EL display 
device showing a second mode of embodiment of the invention. 

Fig. 5 is an explanatory diagram of a memory unit of the 
same mode of embodiment. 

Fig. 6 is a configuration diagram of an organic EL display 
device showing an example of the prior art. 

Fig. 7 is an explanatory diagram of an equivalent circuit 
of a pixel and shows the same example of the prior art. 

Fig. 8 is a partial diagram of the organic EL panel and 
shows the same example of the prior art. 

Fig. 9 is a partial diagram of the organic EL panel and 
shows the same example of the prior art. 
Best Mode for Carrying Out the Invention 

[0024] One mode of embodiment of the invention is 

described in the following with reference to the accompanying 
drawings. Fig. 1 to Fig. 3 show a first mode of embodiment. 
The organic EL display device is configured to include an 
organic EL panel 1, a cathode drive circuit 2, an anode drive 
circuit 7, a control unit 8 (or control means), and a reset 
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circuit 5. 

[0025] In the organic EL panel 1, pixels Ell to Emn are 

arranged in a matrix state. These pixels Ell to Emn are 
disposed at intersections between a plurality of scanning lines 
SI to Sm in the longitudinal direction and a plurality of drive 
lines Dl to Dn in the transverse direction orthogonal to the 
scanning lines SI to Sm. 

[0026] The cathode drive circuit 2 is provided with a 

plurality of scanning switches 21 to 2m (or scanning switch 
means) corresponding to the individual scanning lines SI to 
Sm. Each of the scanning switches 21 to 2m is configured (as 
referred to Fig. 2) to include a first transistor Trl for 
connecting the scanning lines SI to Sm with the earth potential 
(or the first potential) , and a second transistor Tr2 for 
connecting the scanning lines SI to Sm with an unselected 
potential Vb (or the second potential) . The first transistor 
Trl is the N-channel type transistor, and the second transistor 
Tr2 is the P-channel type transistor. In order to prevent the 
illustration of Fig. 1 from become complicated, the individual 
scanning switches 21 to 2m are shown to have one of the first 
transistor Trl and the second transistor Tr2 . 
[0027] The first transistor Trl and the second transistor 

Tr2 are composed of gates Ga and Gb, sources Sa and Sb and drains 
Da and Db, respectively. The first transistor Trl has its 
source Sa connected with the earth potential and its drain Da 
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connected with the scanning lines SI to Sm. The first 
transistor Trl connects, based on the drive signal inputted 
from the gate Ga, the scanning lines SI to Sm selected, to the 
earth potential. The second transistor Tr2 has its source Sb 
connected with the unselected potential Vb and its drain Db 
connected with the scanning lines SI to Sm. The second 
transistor Tr2 connects, based on the drive signal inputted 
from the gate Gb, the scanning lines SI to Sm unselected, with 
the unselected potential Vb . The scanning lines Si to Sm are 
sequentially brought into the selected state by the scanning 
switches 21 to 2m. 

[0028] The reset circuit 5 is composed of a plurality of 

reset switches 50 individually connected with the drive lines 
Dl to Dn . These reset switches 50 connect the drive lines Dl 
to Dn to the earth potential, while next scanning lines SI to 
Sm are being selected after arbitrary scanning lines SI to Sm 
were selected by the scanning switches 21 to 2m, thereby to 
release the charges from the pixels Ell to Emn . 
[0029] The anode drive circuit 7 includes constant 

current sources 70 (or drive current sources) for feeding drive 
currents individually to the individual drive lines Dl to Dn, 
and drive switches 71 to 7n capable of connecting, based on 
the control signals from the control unit 8, the individual 
drive lines Dl to Dn selectively to the constant current sources 
70 or the earth potential (or an OFF potential) . 
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[0030] The control unit 8 is constituted of a display 

controller for performing, when it receives running 
information of the vehicle from various sensors, a 
predetermined processing to display the various kinds of 
information such as the vehicle speed, the engine speed or the 
fuel residue in the organic EL panel 1. The control unit 8 
outputs control signals individually to the cathode drive 
circuit 2 and the anode drive circuit 7, so that the scanning 
switches 21 to 2m and the drive switches 71 to 7n corresponding 
to the scanning lines SI to Sm and the drive lines Dl to Dn 
necessary for causing the pixels Ell to Emn to luminesce are 
selectively turned ON/OFF to display the predetermined 
information on the organic EL panel 1. 

[0031] The control unit 8 is provided with a memory unit 

8a such as an EEPROM having voltage data VGS1 to VGSn stored 
therein. The voltage data VGS1 to VGSn is at the voltage level 
as the drive signal to be applied to the gate Gb of the transistor 
Tr2. Here, the voltage level indicates the voltage (or the 
bias voltage) between the source Sb and the gate Gb of the 
transistor Tr2 . The voltage data VGS1 to VGSn corresponds (as 
referred to Fig. 3) to the numbers 1 to n of the drive switches 
71 to 7n to be turned ON. 

[0032] Next, here is described the feature of the 

invention, i.e., the drive signal which is to be outputted to 
the scanning switches 21 to 2m corresponding to the scanning 
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lines SI to Sm unselected. The control unit 8 reads the voltage 
data VGS1 to VGSn from the memory unit 8a in accordance with 
the numbers 1 to n of the pixels to luminesce on the scanning 
lines SI to Sm selected, and outputs the drive signals based 
on the voltage data VGS1 to VGSn read, to the transistor Tr2 
of the scanning switches 21 to 2m corresponding to the scanning 
lines SI to Sm unselected. When the number of pixels to 
luminesce on the scanning line S2 is n, the drive signals based 
on the voltage data VGSn are outputted to the transistor Tr2 
of the scanning switches 21 and 23 to 2m corresponding to the 
scanning lines SI and S3 to Sm unselected. When the number 
of pixels to luminesce on the scanning line S2 is one, the drive 
signal based on the voltage data VGS1 is outputted to the 
transistor Tr2 of the scanning switches 21 and 23 to 2m 
corresponding to the scanning lines SI and S3 to Sm unselected. 
[0033] If the voltage between the drain Db and the source 

Sb of the transistor Tr2 is designated by [Vds] , and if the 
current to flow from the drain Db to the source Sb is designated 
by [Id], the change of the voltage level to be applied to the 
gate Gb of the transistor Tr2 is made substantially identical 
to a change of the resistance R of the transistor Tr2, by 
relation of Formula (1) : 

R = Vds/Id - - - Formula (1) . 
[0034] Fig. 4 and Fig. 5 show a second mode of embodiment. 

This second mode of embodiment is different from the first mode 
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of embodiment only in a temperature sensor 10 and a memory unit 
8b. However, the remaining components are identical to those 
of the first mode of embodiment, and the detailed description 
is omitted by designating the components by the common 
reference numerals. 

[0035] The temperature sensor 10 (or temperature 

detecting means) detects the temperature of the organic EL 
panel 1, and outputs a temperature signal T or analog data to 
the control unit 8. The temperature sensor 10 is made of a 
temperature detecting element such as a thermistor, and may 
be either adhered to the organic EL panel 1 or arranged at a 
predetermined spacing from the organic EL panel 1 thereby to 
detect the temperature of the organic EL panel 1 indirectly. 
The control unit 8 is provided with the not-shown A/D converter 
(or the temperature detecting means), by which the 
aforementioned temperature signal T is converted into digital 
data such as temperature data tOl to t64. 

[0036] The control unit 8 is provided with the memory unit 

8b, in which the voltage data VGS101 to VGSn64 at the voltage 
level to be applied to the gate Gb of the transistor Tr2 is 
stored. The voltage data VGS101 to VGSn64 correspond (as 
referred to Fig. 5) to the numbers 1 to n of the drive switches 
71 to 7n to be turned ON and the temperature data tOl to t64. 

[0037] The control unit 8 reads the voltage data VGS101 

to VGSn64 from the memory unit 8b in accordance with the numbers 
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1 to n of the pixels to luminesce on the scanning lines SI to 
Sm selected and the temperature data tOl to t64, and outputs 
the drive signals based on the voltage data VGS1 to VGSn read, 
to the transistor Tr2 of the scanning switches 21 to 2m. In 
case the temperature data obtained on the basis of the 
temperature signal T outputted from the temperature sensor 10 
is "t03" and when the number of pixels to luminesce on the 
scanning line S2 is n, the drive signals based on the voltage 
data VGSn03 are outputted. When the number of pixels to 
luminesce on the scanning line S2 is one, the drive signal based 
on the voltage data VGS103 is outputted. 

[0038] According to the first and second modes of 

embodiment, in response to the numbers 1 to n of the pixels 
to luminesce at the scanning lines Si to Sm selected, that is, 
the numbers 1 to n of the drive switches 71 to 7n to become 
ON, the voltage data VGS1 to VGSn and VGS101 to VGSn64 are read 
out from the memory unit 8a or 8b, and the drive signals based 
on the read voltage data VGS1 to VGSn and VGS101 to VGSn64 can 
be outputted to the transistor Tr2 of the scanning switches 
21 to 2m. As a result, it is possible to reduce the dispersion 
in the luminous brightness by the numbers 1 to n of the pixels 
to luminesce on the selected scanning lines SI to Sm. 
[0039] Here in the first mode of embodiment, the voltage 

level to be applied to the transistor Tr2 is changed at n-stages 
in accordance with the numbers 1 to n of the pixels to luminesce 
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on the scanning lines SI to Sm selected. However, similar 
effects can be expected by changing the voltage level in at 
least two stages. 

[0040] Since the capacities of the pixels Ell to Emn as 

the capacitors change with the temperature, in response to the 
numbers 1 to n of the pixels to luminesce on the scanning lines 
SI to Sm selected and the temperature data tOl to t64, it is 
desired to output the drive signals based on the voltage data 
VGSl to VGSn read, to the transistor Tr2 of the scanning 
switches 21 to 2m corresponding to the scanning lines SI to 
Sm unselected, as in the second mode of embodiment. 
Industrial Applicability 

[0041] The present invention is suited for an organic EL 

display device having a dot-matrix type organic EL panel, which 
includes a plurality of anode lines and a plurality of cathode 
lines . 
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Claims 

Claims 1-8. (Cancelled) 



9. An organic EL display device comprising: 



a dot-matrix type organic EL panel having a plurality of 



scanning lines and a plurality of drive lines; 



a plurality of scanning arrangements corresponding to 



number of the plurality of scanning lines, each of the plurality 



of scanning arrangements connecting said scanning lines freely 



to a first potential or a second potential; 



a drive switch arrangement for connecting said drive lines 



freely to a drive current source or an off potential; and 



a control arrangement for causing said scanning switch 



arrangement to connect said scanning lines to said first 
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potential thereby to select said scanning lines sequentially 



and to control the connected state of said drive switch 



arrangement , 



wherein each of said scanning switch arrangements 



includes a first transistor for connecting said scanning lines 



to said first potential, and a second transistor for connecting 



said scanning lines to said second potential, and 



said control arrangement controls said first transistors 



of scanning switch arrangements, which are not selected for 



luminesce, to be connected to said first potential, 



wherein the first potential changes depending upon 



numbers of pixels to luminesce on scanning lines that are 



selected for luminesce. 
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10. (Cancelled) 



11. An organic EL display device as set forth in claim 



9, wherein said control arrangement changes, according to the 



number of said drive lines to be connected to said drive current 



source, the bias voltage of said second transistor 



corresponding to said scanning lines connected to said second 



potential to become the unselected state, thereby to change 



said resistance. 



12. An organic EL display device as set forth in claim 



9, further comprising a temperature detecting arrangement for 



detecting the temperature of said organic EL panel thereby to 



output temperature data, and said control arrangement changes, 



according to the number of said drive lines to be connected 
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to said drive current source and said temperature data, said 



resistance of said scanning switch arrangement connected to 



said second potential. 



Claims 13-16. (Cancelled) 



17. An organic EL display device as set forth in claim 



9, wherein said control arrangement changes, according to the 



number of said drive lines to be connected to said drive current 



source, the resistance of said second transistor corresponding 



to said scanning lines connected to said second potential to 



become an unselected state. 
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Abstract 



Scanning switch means 21 to 2m can connect scanning lines 
SI to Sm freely to a first potential or a second potential. 
Drive switch means 71 to 7n can connect drive lines Dl to Dn 
freely to a drive current source 70 or an off potential. 
Control means 8 connects the scanning switch means 21 to 2m 
sequentially with the first potential to select the scanning 
lines Si to Sm sequentially and to control the connected states 
of the drive switch means 71 to 7n. In accordance with the 
number of the drive lines Dl to Dn to be connected to the drive 
current source 70, the control means 8 changes the resistances 
of the scanning switch means 21 to 2m corresponding to the 
scanning lines SI to Sm connected to the second potential to 
become the unselected state, into at least two stages. 
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